Iron deficiency anaemia is highly prevalent in Tanzania-affecting predominantly children and women. Fortification of cereal flour with micro-nutrients is being carried out as a strategy for combating micro-nutrient deficiencies. Four different cereal flours were fortified with micro-nutrients and evaluated for total and bioavailable iron and zinc, iron binding polyphenolics, phytate content and ascorbic acid. The extractable total phenolics ranged from 1.3 (maize) to 19.4 (redsorghum) mg catechin equivalent (CE) g -1 . Catechols ranged from 1.1 (maize) to 11.7 (red-sorghum) mg CE g -1 . Red sorghum was the only flour that contained a high amount of galloyls (4.0 mg tannic acid equivalent (TAE) g -1 ). All samples contained high amounts of phytate (10.7 ± 1.0 µmol g -1 ). The average total iron was 42.26 ± 10.26 mg kg -1 in the unfortified and 52.67 ± 10.19 mg kg -1 in the fortified cereal flours and the average in vitro available iron was 1.03 ± 0.30 mg kg 
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EFFET DU PHYTATE ET DES PHÉNOLIQUES SIDÉROPEXIQUES SUR LA TENEUR ET LA DISPONIBILITÉ DU FER ET DU ZINC DANS LES FARINES DE CÉRÉALES VITAMINÉES PAR DES MICRONUTRIMENTS
INTRODUCTION
Iron deficiency anaemia (IDA) is a world-wide problem affecting about 3.5-5.0 billion people and a much large number has iron deficiency without anaemia [1] . IDA is highly prevalent in Tanzania affecting predominantly children and women of childbearing age [2] . Anaemia is a late manifestation of iron deficiency and the main cause of iron deficiency is probably inadequate dietary intake of iron due to low iron bioavailability. Three factors usually determine the amount of iron absorbed from the diet. These are; the amount of iron ingested, its availability for absorption in the body, and the iron status of the individual. The first two factors are the major dietary determinants of iron bioavailability for absorption and can be controlled by dietary measures. Fortification of cereal flour with iron and other micronutrients are among strategies used for controlling iron deficiency [3] .
Fortification of cereal flours with micronutrients is being pursued as one of the strategies for combating iron, zinc and other micronutrient deficiencies in Tanzania. [4, 5, 6, 7] . Bioavailability of most fortificant iron (like ferrous fumarate) has been shown to be affected adversely by the inhibitory compounds of phytate and polyphenols [3] . Addition of calcium and/or zinc has also been shown to impair iron absorption, but inconsistent results are available on their interactions [7, 8, 9] . On the other hand, ascorbic and organic acids have been shown to improve the in vitro available iron, whereas ascorbic acid is known to be adversely destroyed by food processing and handling procedures [6, 10, 11] . Vitamin A and β carotene have also been shown to have a positive influence on iron absorption-though the topic is still under debate [12, 13, 14, 15, 16] .
In Tanzania, cereals used as the main meal differ from one area to another, ranging from high-tannin cereals like red-sorghum to low tannin cereals like maize. However, they all contain appreciable high amounts of phytate compounds [4, 5] . The iron content and its in vitro iron availability for absorption in different cereal flour fortified with micronutrients (under rural settings in Tanzania), have not being studied. This work was aimed at studying the feasibility of flour fortification with micro-nutrients to determine the iron and zinc contents-and evaluate their in vitro availability in different cereal flour fortified with micro-nutrients-and the effect of native inhibitory compounds of phytate and polyphenolics on the in vitro available iron and zinc bioavailability from fortified and unfortified samples.
METHODS
Food samples and Fortification
Cereal flours from maize, finger millet and white and high-tannin red sorghum fortified with micronutrients was used in the study. The cereals were collected from local markets in Dodoma (where red sorghum (udo) is readily cultivated and consumed) and Iringa (among the big maize producing area) regions in Tanzania, by random sampling procedure. The grains were milled into flour by hammer mills in Iringa-where a Pilot Fortification Project is being carried out in 26 villages. Fortification of cereal flours with iron and other fortificants was done right at the milling premises immediately after milling using a hand-operated batch mixer. The fortificants were obtained from International Health Food Association, Arusha Tanzania, which has its headquarter in Australia. The fortificants and levels of fortification are illustrated in Table 1 . Duplicate samples of fine fortified cereal flour were analyzed for various factors.
Analytical Methods Determination of ascorbic acids
Concentration of ascorbic acid was determined by high performance liquid chromatography (HPLC) [17] . A 0.5 g samples was extracted for 1 h with 9.0 ml of aqueous solution of meta-phosphoric acid (pH 4.8), added with 1.0 ml stabilizing agent (Dithio-DL-threitol) in an ultrasonic water bath shaker. After extraction 1.0 ml was centrifuged at 10,000 X g for 5 min and then the concentration determined by HPLC, using ascorbic acid as a standard.
Determination of total and iron binding phenolic compounds
The amounts of total phenolic compounds were determined by the Prussian blue method using acidified methanol (1 % HCl) as extraction solvent [4, 5, 18] . The ironbinding polyphenolic (catechols and galloyls) groups were determined by the modified ferric ammonium sulphate (FAS), using 50 % dimethyl-formamide in acetate buffer (pH 4.4) as extraction solvent [4, 5, 19] . The extraction and determination procedures are as described earlier [4, 5, 6] . Results for total polyphenols and catechol are expressed in mg g -1 catechin equivalents (CE) and galloyls in mg g -1 tannic acid equivalents (TAE) all on dry weight basis.
Determination of phytate content A 0.5 g sample of flour was extracted with 10 ml 0.5M HCl during stirring for 3 h, followed by centrifugation at 2100 × g for 10 min and filtration. The clear supernatant was analyzed for total phytate content with high performance ion chromatography (HPIC), as described by Carlsson et al., [20] . The HPIC was coupled with UV detection of post column reaction with Fe(NO 3 ) 3 at 290 nm. An isocratic elution with HCl (0.8 M) was used with a retention time of 6 minutes per sample.
Determination of mineral content and in vitro iron and zinc bioavailability
The total iron and zinc were determined by wet acid digestion of the sample (0.3 g) in a microwave, using concentrated acid of hydrochloric (0.15 ml) and nitric (0.75 ml), followed by cooling and dilution. The concentration of iron and zinc were quantified according to the procedure by Fredrikson et al., [21] . The in vitro available iron was quantified by determining iron solubility at physiological conditions, by digestion with pepsin and pancreatin enzymes according to the method described by Svanberg et al., with some minor modifications and quantified by HPIC [4, 21, 22] . Zinc bioavailability was determined by HPIC after digestions of the flour, using pepsin and pancreatin enzymes simulating gastric and intestinal fluid [21, 23, 24] . The HPIC was coupled with UV-VIS detection of post column reaction with 4-(2-pyridylazo) resorcinol (PAR) at 500nm.
Statistical analysis
Differences in mean values were tested with analysis of variance (ANOVA) using SYSTAT (SYSTAT Inc, Evanston, US), and significant levels were obtained with Tukey's HSD multiple range test [32] .
RESULTS
Polyphenolics and phytate
The extractable phenolic content in the analysed cereal flours varied widely (Table II) . Total phenolics ranged from 1.3 to 19.4 mg catechin equivalent (CE) g -1 . The iron binding phenolic groups of catechols ranged from 1.1 to 11.7 catechin equivalent (CE) g -1 , and galloyls ranged from 0.3 to 4.0 tannic acid equivalent (TAE) g -1 . The red sorghum (udo) contained the highest amount of all types of extractable phenolics. White sorghum contained the least amount of extractable total phenolics, maize contained the least amount of extractable catechols, and finger millet contained the least amount of extractable galloyls. The extractable galloyl compounds were minimal in all grains (< 0.5 tannic acid equivalent (TAE) g -1 ), but the udo contained an appreciably high amount of these compounds (4.0 tannic acid equivalent (TAE) g -1 ). The phytate compound ranged from 9.6 to 12 µmol g -1 , with red sorghum containing the least amount, and white sorghum the largest amount of extractable phytate compounds (Table II) .
Ascorbic acid
Ascorbic acid was only obtained in the fortified cereal flour samples. The amount of ascorbic acid ranged from 4.5 to 29.6 mg kg -1 , red sorghum contained the minimal, whereas maize contained the highest amount (Table III) .
Total and in vitro iron content
Total iron in the unfortified cereal flours ranged from 35.1 to 51.1 mg kg -1 , and that in the fortified flours ranged from 43.2 to 62.2 mg kg -1 (Table III) . Total iron was significantly (p < 0.05) higher in the fortified cereal flours compared to unfortified flours. The difference in total iron between fortified and unfortified cereal flours ranged from 8.5 to 11.6 mg kg -1 . The in vitro available iron in the unfortified cereal flours ranged from 0.42 to 1.79 mg kg -1 , and that in the fortified one ranged from 1.41 to 1.81 mg kg -1 . The increase on in vitro available iron as a result of fortification of cereal flours was 0.02 mg kg -1 in red sorghum, 0.42 mg kg -1 in finger millet, 0.86 mg kg -1 in maize, and 0.97 mg kg -1 in white sorghum.
Total and in vitro zinc content
Total zinc in the unfortified cereal flours ranged from 16.9 to 23.7 mg kg -1 , and that in the fortified flours ranged from 21.8 to 27.9 mg kg -1 (Table III) . Total zinc was significantly high in the fortified cereal flours compared to unfortified flours. The difference in total zinc between fortified and unfortified cereal flours ranged from 4.1 to 4.9 mg kg -1 . The in vitro available zinc in the unfortified cereal flours ranged from 0.20 to 0.46 mg kg -1 , and that in the fortified flour ranged from 0.40 to 0.71 mg kg -1 . The increase on in vitro available zinc as a result of fortification of cereal flours was 0.06 mg kg -1 in red sorghum, 0.39 mg kg -1 in finger millet, 0.25 mg kg -1 in maize and 0.20 mg kg -1 in white sorghum.
DISCUSSION
Extractable polyphenolic and phytate content
The amount of extractable polyphenolic compounds observed in the analysed cereal flour is within the range reported earlier, and the amount of phytate content reported in this study is also within the range reported elsewhere [4, 5, 26] . High content of polyphenolics and phytate compounds have been shown to adversely affect the absorption of native minerals like iron and zinc in cereal and legume foods [19, 22, 26, 27] . Food processing methods like germination and fermentation-that reduced these compounds to extremely lower levels-have been shown to have an increased effect on bioavailability of iron and zinc [9, 28] .
Ascorbic acid content recovered in the fortified flours differ from each other, with recovery ranging from 4.5 (in red sorghum) to 29.6 (in maize) mg per kg compared to the added amount of 40 mg per kg of flour. Ascorbic acid could have been degraded during handling and storage of the fortificant sachets [25] . Moreover, even the remaining ascorbic acid will disappear during post-fortification treatments like cooking of the flour into porridge, as it is highly unstable during heat processing, handling and storage [11] .
Total iron and in vitro available iron
The bioavailability of the fortificant iron added to a food is determined by several factors; the form of iron fortificant used, the amount of added iron, the iron status of the individual, and the presence of other dietary constituents that either enhance or inhibit bioavailability. In this study the type of fortificant iron used was iron fumarate at a concentration of 15 mg kg -1 , which indicates a recovery rate ranging from 57-77 per cent. Low and inconsistent recovery might have been due to un-inconsistence addition of iron to the flours and loss during storage of the pre-mix. Minerals such as copper, iron and zinc have been shown to be affected by moisture and can react with other food compounds during the storage of flour or pre-mix, and could have contributed in lowering of recovery of the added iron and zinc [33] . The in vitro available iron in the cereals varied considerably. There was no significant increase of in vitro available iron in red sorghum (udo) as a result of fortification. However, the in vitro available iron increased by 0.42 mg kg -1 in finger millet, 0.97 mg kg -1 in white sorghum and 0.86 mg kg -1 in maize flour, as a result of fortification. These inconsistencies on the in vitro iron availability might have been caused by the presence of inhibitory compounds at a varying level in the cereal flours. The red sorghum used in this study contained an appreciably high amount of iron binding phenolic compounds (galloyls and catechols) that has been shown to adversely affect iron bioavailability [4, 19] . In vitro vailability of iron fumarate used in food fortification have also been shown to be affected negatively by food inhibitors [13] . This might account for the low in vitro available iron in red sorghum as a result of fortification compared to the other cereals analyzed. Phytate compounds may have also accounted for the low iron bioavailability even after fortification of the cereal flours analyzed, as they all contain an appreciably high amount of these compounds. It has been observed that in addition of 5 or 10 mg of iron (ferric chloride) to a maize meal that contain no enhancers resulted into only about 0.1 mg increased amount of absorbed iron [29] . In our study, an addition of 5 mg iron fumarate to maize flour resulted into an increase of in vitro iron availability of about 0.086 mg per 100 g maize flour. Mendoza et al., showed that absorption of iron from unmodified maize (that contain about 12.58 µmol phytate), fortified with ferrous sulfate was as low as 1.69 %, compared with 1.91% of a genetically altered low-phytate maize (that contain about 5.59 µmol phytate), fortified with ferrous sulfate [26] . In our study, the maize contained 10.8 µmol phytate and the in vitro iron availability from the maize fortified with iron fumarate was 1.5 %. Table III shows some similarities with the Mendoza et al., study [29] . The in vitro available iron might have also been affected by calcium [8, 30] that formed a part of the fortificants, as well as zinc, although zinc oxide has been observed to have no effect on iron absorption in vitro and in human [8, 9, 30. 31] . Fiber compounds in the cereal flours might have also negatively affected the in vitro available iron as has been shown [27] . The low amount of ascorbic acid observed in the fortified flour might have contributed to the increase of in vitro available iron observed in some cereal flours, particularly in the fortified maize, finger millet and white sorghum flours [10] . There was no ascorbic acid observed in the unfortified and fortified red sorghum, and this could also account for the low bioavailability of in vitro available iron. Vitamin A and β carotene have also been shown to have positive influence on iron absorption though the mode of action is complex and still under debate [12, 13, 15, 16, 29] .
Total zinc and in vitro available zinc
The bioavailability of the fortificant zinc added to a particular food is also affected by a number of factors including the dietary constituents such as phytate and polyphenols [30] . In this study, the zinc used was added at a concentration of 5.0 mg kg -1 and the recovery was almost 90 %, indicating that there was some loss during handling and addition. However, the bioavailability of zinc was more or less affected in a similar manner to the in vitro available iron. The red sorghum was also shown to have the minimal increase of in vitro available zinc (1.1 %), compared to finger millet (7.9 %), white sorghum (4.8 %) and maize (5.9 %) flours. The inhibitory effect of phenolics (that were higher in red sorghum) and phytates could have contributed in lowering the bioavailability of the native and added zinc [9, 28] . It could have also been affected by the addition of iron [30, 31] . The relative increased bioavailability of zinc in the fortified flours of finger millet, maize and white sorghum, as compared to red sorghum could also have been a result of relatively high amounts of ascorbic acid observed in these flours.
CONCLUSION
Dietary constituents can be among important determinants of food fortification with micro-nutrients that should be considered when choosing a vehicle for a sustainable and effective food fortification programme. Other sustainable approaches like consumption of fruits and vegetables as part of a daily diet, should be considered as helpful practices that can increase availability of dietary micronutrients. Food pretreatments such as seed germination and fermentation of cereal and legume based foods can also be used to enhance bioavailability of micronutrients. Based on the findings of this study, it is recommended that red sorghum should not be considered a good vehicle for fortifying food with iron and zinc. A combination of enzymic (polyphenol oxidase and phytase) treatment with other processing methods such as soaking, germination and fermentation-that have been shown to enhance degradation of polyphenolic and phytate compounds-can also be used. Phytates µmol/g Sorghum udo 19.4 ± 0.44a 11.7 ± 0.32a 4.0 ± 0.20a 9.6 ± 1.0a Finger millet 3.3 ± 0.18b 2.0 ± 0.17b 0.3 ± 0.09b 10.4 ± 0.1a White sorghum 1.3 ± 0.04c 1.3 ± 0.10c 0.3 ± 0.07b 12.0 ± 0.3b Maize 1.6 ± 0.22c 1.1 ± 0.10c 0.5 ± 0.09b 10.8 ± 0.8a
Values followed by different letters within the same column differ significant (p < 0.05). Values followed by different letters within the same column differ significant (p<0.05). ND: Not detected by the method used.
